in his group and his continued support (and who further piqued our interest in the THIQ scaffold) 1 Abstract 6-Methoxytetrahydroisoquinoline hydrochloride was converted into four small libraries of substituted ureas, thioureas, sulfonamides and N-aryls, using the tetrahydroisoquinoline nitrogen as the scaffold-linking atom. Some of the compounds were evaluated for their ability to inhibit cell proliferation using the MCF7 (invasive ductal carcinoma) cell line. Figure 2. The clinical agent Lasofoxifene 3 and examples of THIQ analogues thereof.
Introduction
The estrogen receptor (ER) is a critical component for the control of cellular processes in mammalian tissue. 2 Its ligands, including the hormone estradiol 1 (Figure 1 , also written as oestradiol), are important for signal transduction processes crucial to many aspects of cellular life and death. 3 Cellular estrogenic activity is mediated by plasma membrane nuclear receptors which exist in two isoforms, ERα and ERβ, which further control a multitude of physiological responses and activities. 2, 4, 5 The two isoforms are differentially distributed within the tissue domains, with ERα being dominantly expressed in the uterus and mammary glands, while ERβ is more generally expressed throughout the body. Of specific significance is that the natural occurrence of estradiol in women affected with breast cancer may either worsen the disease, or a deficiency thereof could effect a cascade of hormonal related ailments. The importance of the relationship between estradiol and breast cancer has resulted in the development of a series of drugs termed selective estrogen receptor modulators (SERMs) and down-regulators/degraders (SERDs), 6 which are now regularly prescribed in therapies. 7 The tetrahydroisoquinoline (THIQ) scaffold 2a (R = H, Figure 1 ) has been shown to be an extremely valuable motif in medicinal chemistry, and as a result has found regular application in pharmaceutical investigations. 8 In terms of a direct connection between THIQs and SERM-based breast cancer therapy, pharmaceutical companies were quick to pick up on this important association. In a series of studies, researchers from Novartis 9,10 and Pfizer 11 Further inspection of the molecules synthesized and tested by Redda [12] [13] [14] [15] indicated that firstly, most possess large aryl groups connected via hydrazine-themed linker groups to the nitrogen atom of the THIQ motif. Secondly, the aryl groups attached to the nitrogen atom were limited in terms of their number, type and position of functional groups on the aryl group (see earlier work regarding a series of tetrahydroisoquinoline-N-phenylamide derivatives by Lin and co-workers 27 ). This latter factor led to our interest and thus to the preparation of small libraries of, amongst others, N-aryl THIQ analogues to provide a more in-depth investigation into the importance of these aryl groups and their linkers.
Investigations by Redda, [12] [13] [14] [15] together with our own unpublished docking studies, indicated a measure of uncertainty as to how THIQ analogues containing an N-aryl linker group would behave within the binding pocket of the ER protein (it should also be noted that we were willing to expand this paradigm to include the question as to whether the motifs were in fact targeting tubulin, rather than the ER). To extend our investigation into this area, a further library of THIQ analogues containing differently substituted aryl groups on nitrogen were designed and synthesized in order to discover whether any activity could be significantly associated with this group. The strategy adopted was to thus solely focus on changes at the nitrogen atom, while retaining the phenolic moiety of estradiol (2c in Figure 5 ) based on the tetrahydroisoquinolin-6-ol motif 2b shown in Figure 1 , since we hoped this would essentially mimic estradiol as suggested by our initial docking studies. 
Results and Discussion
Based on our own interest in the synthesis and utilization of the THIQ skeleton, [28] [29] [30] [31] [32] it was thus decided to synthesize some tetrahydroisoquinolin-6-ol-based libraries. To this end, 6-methoxy-1,2,3,4-tetrahydroisoquinoline was synthesized as the hydrobromide or hydrochloride salt 14 from commercially available 2-(3'methoxyphenyl)ethylamine 13 according to the reliable procedure of Zhong and co-workers (Scheme 1). 33 From this central core we envisaged generating 4 small 6-OH-THIQ libraries L1-4 illustrated in Scheme 1. It should be noted that initial investigations included working directly with the 1,2,3,4-tetrahydroisoquinolin-6-ol molecule 2b. However, significant selectivity issues encountered in terms of differentiating between amine and phenolic chemoselectivity, persuaded us to avoid any lengthy protection-deprotection strategies 21 and to use the 6-methoxy THIQ scaffold throughout the protocols and demethylate the 6-MeO group at the last step of each synthesis. Scheme 1. General approach to substituted THIQs. Reagents and conditions: (i) 37% CH 2 
THIQ Set L2: Thiourea-linked THIQs
The second small library of compounds comprised a thiourea linker that was synthesized through application of 1,1'-thiocarbonyldiimidazole (TCDI), 34 in an analogous manner to the first library of compounds. This second library was synthesized to establish whether the thiocarbonyl group could affect the bioactivity of the THIQ compounds. It might be envisaged that hydrogen bond interactions and/or the selectivity within the ER-or tubulin binding pocket could be differently impacted, due to the subtle differences in size and electronic nature of the thiocarbonyl group relative to the carbonyl group. THIQ-thiocarbamoyl imidazole 19 was therefore prepared by treatment of the hydrobromide salt 14 with TCDI (Scheme 3). Subsequent methylation of 19 as described before, afforded the salt 20 in essentially quantitative yield, but this time as a foam, which proved to be too hygroscopic for isolation. Compound 20 was thus immediately treated with the amines listed in Table 2 as before, to afford thioureas 21, albeit in poorer and more inconsistent yields than in the case for the carbonyl compounds illustrated in Table 1 (Scheme 3 and Table 2 ). As may also be noted in Table 2 , yields in subsequent demethylations were not acceptable and failed in one case (entry 2) after which alternative protocols needed to be sought to afford the desired members of THIQ set L2. 
THIQ Set L2 -an alternative strategy
In an effort to improve yields of the THIQ compounds incorporating the thiourea linker 21, reactions between 6-methoxy-THIQ hydrobromide salt 14 and suitably substituted isothiocyanates were undertaken since this protocol 35 is perceived to be a reliable synthetic approach to thioureas. 36, 37 To this end, amines and anilines 23 were treated with an excess of carbon disulfide under basic conditions, followed by desulfurylation, to afford acceptable yields of the stable isothiocyanates 24 (Scheme 4, Table 3 ).
Scheme 4.
Conversion of amines into isothiocyanates. Reaction conditions: (i) amine (1.2 equiv.), CS 2 (5.0 equiv.); (ii) Boc 2 O, DMAP or TsCl. For details see Table 3 . 38 in which the phenolic amines 23j and 23k were treated with a base in ethanol prior to treatment with CS 2 . Apart from the use of Boc 2 O, desulfurylation could also be effected by the use of tosyl chloride, 39 and in our hands the Boc 2 O method only worked well for entries 6 and 7, while the tosyl chloride method worked best for entries 2-5, albeit with variable yields. With isothiocyanates 24d-g, 24j and 24k in hand (not described in the experimental), they were treated with the THIQ hydrobromide salt 14 under basic conditions and readily afforded a new small library of thiourea products 21 in moderate yields illustrated in Scheme 5 and Table 4 . It should be noted that 22j and 22k were produced directly from the 6-hydroxy-THIQ hydrobromide of 2b. 40 Unfortunately, demethylation of the thiourea analogues 21d-g once again proved to be problematic when using the protocols applied previously, and unfortunately the demethylation of the thioureas did not provide the desired phenolic THIQS 22 in sufficient quantities for further bioevaluation. Table 5 ) were directly added to the vacuum dried 27 to afford the library of sulfonamides 28 listed in Table 5 . Entry 1 in Table 5 , illustrates that dimer 30 was the only product isolated from the reaction. Lowering the reaction temperature to 24 o C resulted in only starting material being recovered, which suggested that even 2-amino-4-methyl-thiazole was too weak a nucleophile to displace the imidazolium salt. However, stronger aniline nucleophiles (entries 2-7) afforded the desired products 28c-h in moderate to good yields at either 24 o C or 80 o C. Demethylations were effected on all the molecules of this library using either BBr 3 or AlI 3 as indicated in Table 5 , but again yields were generally on the low side, indicating that these systems are not easy to demethylate under the applied conditions.
THIQ set L4: N-aryl THIQs
The next small library of THIQ-derivatives, L4, was designed to have the nitrogen atom of the THIQ directly attached to an aromatic ring. Our first attempts involved direct treatment of lactone 32, synthesized from 3methoxyphenyl acetic acid 31 via an Oxy-Pictet-Spengler protocol, 42 with various amines without solvent in a sealed tube containing AlCl 3 at 150 o C for 48 hours to produce a melt (Scheme 7). 43 The latter process also facilitated ring closure to afford lactams 33a-g in variable yields ranging from 28-89% (Table 6 ). In terms of new structural features, the carbonyl at C3 was readily identified in the 13 C NMR spectra by a signal at approximately δ C 170.0 for all the lactam analogues. However, attempts to reduce the C3 carbonyl group of 33 to afford 34 proved uncharacteristically challenging in our hands and only two of the lactams were successfully reduced by employing AlH 2 Cl to afford 34a (82%) and 34c (67%). Thus, to finalise this library, the lactams 33 were demethylated under the All 3 conditions to provide a range of 6-hydroxy-2-phenyl-1,4-dihydroisoquinolin-3(2H)-ones 35, once again in rather inconsistent and variable yields ( Table 6 ). A new approach towards the direct N-aryl-THIQs was therefore sought, as described in the next section. α No product obtained after work-up;  product contains N-p-hydroxyphenyl. THIQ set 4: N-aryl THIQs -alternative approach to L4 An alternative approach to the THIQ library L4, also employing the classical Pictet-Spengler protocol, was developed for generating the desired THIQ analogues having a direct N-aryl link 34 (Scheme 8). In this approach, treatment of 3-methoxyphenyl acetic acid 31 with a cooled solution (0 o C) of amines/anilines 23b and 23d-g in dichloromethane containing catalytic amounts of DMAP, as well as the coupling agent, N,N'dicyclohexylcarbodiimide (DCC) 44 afforded amides 36 in good yields ( Table 7 ). The very poor yield for 36b (16%, Table 7 , entry 2) is undoubtedly due to both low solubility and poor nucleophilicity of amine 23b. Generally, the other amide couplings proceeded successfully, providing the products 36d-g for use in the next step. Reduction of the amides 36 was this time successfully accomplished by treatment with monochloroalane in tetrahydrofuran, followed by gentle heating at 80 o C. After work-up, amines 37d-g were obtained in reasonable yields and their structures were confirmed by all having a set of two 2-proton triplets between  3.35-2.50 in their 1 H NMR spectra and the clear absence of a C=O signal at  169.0-171.0 in their 13 C NMR spectra. Failure of 36b to undergo reduction is ascribed to the presence of the nitro group which appears to be chemically incompatible under the reaction conditions. Subsequent Pictet-Spengler ring-closure was effected by treatment of the amines 37d-g with a mixture of paraformaldehyde in formic acid at 80 o C for 12 h, 45 to afford THIQs 34e and 34g, structurally confirmed by an intense 2-proton methylene bridge singlet at  4.00-4.50 in the 1 H NMR spectra for the new products. Unfortunately, in our hands the chloroaryl-substituted compounds 34d and 34f were found to be relatively unstable and decomposed in solution within hours of formation. Satisfyingly, despite this challenge, the two crude products 34d and 34f were successfully demethylated using AlI 3 in toluene to the corresponding desired phenols 38d and 38f in yields of 57 and 58% respectively. Finally, the two THIQ analogues 34e and 34g, as well as 34a and 34c (prepared earlier, Scheme 7), were demethylated with AlI 3 in toluene at 110 o C for the first two and BBr 3 in dichloromethane for the latter two, to afford no product for 34e, but 38g, 38a and 38j in fair yield and thus five new N-aryl THIQ analogues (Table 7) . 
α Obtained as shown in Scheme 7; β Compound proved difficult to purify and so utilized directly in next reaction;  Product unstable;  product contains N-p-hydroxyphenyl group.
Preliminary biological evaluations
In terms of a pre-screening of the compounds in hand, a selected set was sent to the Council for Scientific and Industrial Research (CSIR, Pretoria, South Africa) for cell proliferation inhibition assay using the MCF7 (invasive ductal carcinoma) cell line. The assay was performed by first printing or spotting the phenols 18d, 18f, 18g, 18h, 29h, 35a, 35c, 35e, 35g, 38a, 38g, 38f and 38j, at the concentration of 2.5 mg/mL, on a 2.5 × 6.4 cm glass slide. The printing solution was prepared as described by Erfle and Pepperkok. 46 The slide was then placed in a tissue culture plate followed by the addition of MCF7 cells at the concentration of 1.5 x 10 6 cells / 10 mL of tissue culture media. The plate was placed in an incubator at 37 °C and 5% CO 2 for 4 days. Post cell culture, the cells were treated with immunofluorescent agents (sulforhodamine B, 568 nm; phalloidin, 488 nm and 4,6diamidino-2-phenylindole, dihydrochloride (DAPI), 408 nm). Imaging was performed using a three channel Cytation3 cell imaging Multi-Mode Reader. The changes in blue (DAPI staining of cells nuclei) and green (phalloidin staining of cells cytoskeleton) fluorescence intensity at the spot representing each compound were taken to be indicative of changes in MCF7 viability (apoptosis or inhibition of cell proliferation) and experiments were performed in duplicate. Persomics analysis software was utilized to process images and data quantification was performed using Microsoft Excel. The results for the THIQ-based compounds are depicted in Figure 6 . Unfortunately, the small set of compounds tested were underwhelming in their ability to inhibit the proliferation of the MCF7 cells. As can be seen from Figure 6 , the synthesized compounds had little effect. It should be noted that a number of reference compounds were included in the anti-proliferation assay, some of which provided better growth inhibition. The results of this initial screening indicate that a much larger set of compounds will need to be evaluated to note whether further compounds with higher activity can be identified -alternatively, other bio-testing strategies will be required to identify promising compounds.
Conclusions
Four small libraries of THIQ analogues, in which the nitrogen atom was employed as a linker group, were synthesized to reflect the urea-, thiourea-and sulfonamide-linked functional groups, as well as their direct N-Ar analogues. Initial observations revealed that the last step demethylation was problematic, frequently resulting in the final products in low yields only -the development of an alternative strategy making use of easier to remove phenol protecting groups is thus an ongoing concern in our laboratories. Initial evaluations of the compounds synthesized in an antiproliferative assay against the MCF7 carcinoma cell line revealed a lack of activities and thus a larger data set is required, or alternatively, other bioassay strategies should be attempted.
Experimental Section
General. Melting points were measured on a Gallenkamp melting point apparatus. Reaction times were determined using thin layer chromatography (TLC) on fluorescent silica gel plates HF 254 (Merck) and viewed under UV radiation or employing reagents including potassium permanganate, ninhydrin, p-anisaldehyde, cerium ammonium molybdate, 2,4-dinitrophenylhydrazine and iodine vapors. Silica gel 60 (70-230 mesh) was used for gravity column chromatography and 230-400 mesh was used for flash chromatography. Silica sensitive compounds were purified using Aluminium oxide 90 active neutral 0.063-0.200 mm (70-230 mesh)(Merck). Nuclear magnetic resonance (NMR) spectra were recorded on Varian Gemini-300 ( 1 H NMR at 300 MHz and 13 C at 75 MHz) and Varian VXR-400 ( 1 H NMR at 400 MHz and 13 C at 101 MHz) spectrometers. Chemical shifts (δ) and coupling constants (J) are represented in ppm and Hertz units respectively. Positive electron spray impact (ESI+) high resolution mass spectra (HRMS) were recorded on a Unicam Automass mass spectrometer in conjunction with a gas chromatogram. All reactions were performed under a dry nitrogen atmosphere. The following compounds sent for biochemical evaluation were evaluated for purity by way of LCMS (% purity in parenthesis): 18h (99%), 29h (93%), 35a (97%), 35c (98%), 35e (97%), 35g (99%), 38a (88%), 38g (96%), 38f (96%) and 38j (92%). THIQ set L1: General approach to the synthesis of THIQ-carbamoyl imidazoles 34 (1H-Imidazol-1-yl)[6-methoxy-3,4-dihydroisoquinolin-2(1H)-yl]methanone (15) . To a cooled (0 o C) solution of 1,1'-carbonyldiimidazole (350 mg, 2.20 mmol) in anhydrous MeCN (25 mL) was added THIQ 14 (326 mg, 2.00 mmol) and K 2 CO 3 (4.00 mmol). The resulting mixture was stirred at 24 o C for 18 h and then concentrated under reduced pressure to afford a residue which was purified by column chromatography (100% EtOAc) to give imidazole 15 (493 mg, 96%) as a colourless oil, R f 0.31 (100% EtOAc). This intermediate was immediately used without further purification in the next synthetic step. 1 N-(3'-Chlorophenyl)-6-methoxy-3,4-dihydroisoquinoline-2(1H)-carboxamide (17d) . In a similar way described for 17c above, 17d was obtained as a brown oil (178 mg, 86%) yield as a brown oil that waxified at low temperatures, R f 0.50 (50:50 EtOAc/Hexane). 1 
N-(3'-Fluorophenyl)-6-methoxy-3,4-dihydroisoquinoline-2(1H)-carboxamide (17e)
. In a similar manner as described for 17c above, 17e was obtained as a brown oil (192 mg, 98%) that waxified at low temperature, R f 0.50 (50:50 EtOAc/Hexane). 1 N-(4'-Chlorophenyl)-6-methoxy-3,4-dihydroisoquinoline-2(1H)-carboxamide (17f) . In a similar manner as described for 17c above, 17f was obtained as a brown solid (91 mg, 44%), mp 105-107 o C, R f 0.50 (50:50 EtOAc/Hexane). 1 N-(4'-Fluorophenyl)-6-methoxy-3,4-dihydroisoquinoline-2(1H)-carboxamide (17g) . In a similar manner as described for 17c above, 17g was obtained as a brown solid (159 mg, 81%), mp 136-137 o C, R f 0.50 (50:50 EtOAc/Hexane). 1 H NMR (300 MHz, CDCl 3 ): δ H 7.38-7.28 (m, 2H, ArH), 7.10-6.91 (m, 3H, ArH), 6.83-6.68 (m, 2H, ArH), 6.43 (s, 1H, NH), 4.59 (s, 2H, ArCH 2 N), 3.80 (s, 3H, OMe), 3.70 (t, J 5.9 Hz, 2H, CH 2 ), 2.89 (t, J 5.9 Hz, 2H, ArCH 2 CH 2 ). 13 6-[Benzyloxy-3,4 -dihydroisoquinolin-2(1H)-yl(morpholino)]methanone (17h). In a similar manner as described for 17c above, 17h was obtained as a thick white oil (220 mg, 96%) from the corresponding 6benzyloxy imidazolium salt to 16 (donation from another project), R f 0.48 (100% EtOAc). 1 47 To a mixture of 1 M BBr 3 in anhydrous CH 2 Cl 2 (1.90 mL, 1.9 mmol) in a Schlenk tube cooled to −78 o C, was slowly added the MeO-THIQ analogues (0.66 mmol) in anhydrous CH 2 Cl 2 (0.50 mL). The reaction mixture was stirred for 2 h at −60 o C, followed by stirring for an additional 4 h at 24 o C. Ethanol was then slowly added until fuming ceased, after which the reaction mixture was poured into a saturated NaHCO 3 solution (15 mL) and extracted with EtOAc (20 mL x 3). The solvent was dried and evaporated (rotary evaporator), to afford a residue which was purified by column chromatography (40:60 EtOAc/Hexane). General procedure for demethylation using All 3 (Method B) 48 To a cooled suspension of clean aluminium powder (180 mg, 6.66 mmol) in anhydrous toluene (20 mL) was added iodine (I 2 ) (1.31 g, 10.3 mmol) and the mixture was stirred at 110 o C, under nitrogen, until the red colour had disappeared. The reaction mixture was cooled to rt (~24 o C) and then the MeO-THIQ analogues (0.69 mmol) were added, after which the reactions were stirred at 60 o C for 12 h. The reaction mixture was cooled to 24 o C and the excess AlI 3 was quenched by the slow addition of water (20 mL). The reaction mixture was extracted with EtOAc (20 mL × 3), the organic solvent collected, dried and reduced (rotary evaporator) to afford a residue which was purified by column chromatography (40:60 EtOAc/Hexane). N-(3'-Chlorophenyl)-6-hydroxy-3,4-dihydroisoquinoline-2(1H) 3 OD, OH and NH signals were not observed): δ H 7.57-6.99 (m, 5H, ArH), 6.67-6.64 (m, 2H, ArH), 4.59 (s, 2H, ArCH 2 N), 3.71 (t, J 5.9 Hz, 2H, NCH 2 ), 2.86 (t, J 5.9 Hz, 2H, ArCH 2 CH 2 ). 13 N-(4'-Chlorophenyl)-6-hydroxy-3,4-dihydroisoquinoline-2(1H) N-(4'-Fluorophenyl)-6-hydroxy-3,4-dihydroisoquinoline-2(1H) (1H-Imidazol-1-yl)[6-methoxy-3,4-dihydroisoquinolin-2(1H) -yl]methanethione (19) . A cooled (5 o C) solution of 1,1'-thiocarbonyldiimidazole (215 mg, 1.20 mmol) in anhydrous MeCN (100 mL) containing K 2 CO 3 (138 mg, 1.00 mm) was treated by the portion-wise addition of THIQ HBr 14 (244 mg,1.00 mmol), while maintaining the temperature of 5 o C for 2 h. The reaction mixture was allowed to warm to 24 o C and stirred for 18 h. The reaction mixture was concentrated under reduced pressure to afford a residue which was purified with column chromatography (100% EtOAc). It is important to note that in order to prevent formation of the dimer, the portionwise addition of 14 was essential. In this way 19 (293 mg, 100%) was obtained a yellow oil, R f 0.21 (100% EtOAc). 1 13 N-(3'-Chlorophenyl)-6-methoxy-3,4-dihydroisoquinoline-2(1H) N-(3'-Chlorophenyl)-6-methoxy-3,4-dihydroisoquinoline-2(1H)-carbothioamide (21d) . By a similar protocol to the above for 22j, 6-methoxyTHIQ hydrobromide 14 and isocyanate 24d afforded the desired 21d as a white solid (104 mg, 40%), mp 184-186 o C, R f 0.20 (10:90 EtOAc/Hexane). 1 N-(3'-Fluorophenyl)-6-methoxy-3,4-dihydroisoquinoline-2(1H)-carbothioamide (21e) . By a similar protocol to the above for 22j, and employing isocyanate 24e, the desired thioanilide was obtained as a white solid (67 mg, 56%), mp 184-186 o C, R f 0.53 (50:50 EtOAc/Hexane). 1 Hz, 2H, ArCH 2 CH 2 ). 13 N-(4'-Chlorophenyl)-6-methoxy-3,4-dihydroisoquinoline-2(1H) -carbothioamide (21f). By a similar protocol to the above for 22j and employing isocyanate 24f the desired 21f was obtained as a white solid (206 mg, 79%), mp 170-171 o C, R f 0.33 (30:70 EtOAc/Hexane). 1 N-(4'-Fluorophenyl)-6-methoxy-3,4-dihydroisoquinoline-2(1H)-carbothioamide (21g) . By a similar protocol to the above for 22j and employing isocyanate 24g the desired 21g was obtained as a white solid (74 mg, 62%), mp 156-158 o C, R f 0.44 (30:70 EtOAc/Hexane). 1 
General procedure for demethylation using BBr 3 (Method A)

6-Hydroxy-N-(4'-methylthiazol-2-yl)-3,4-dihydroisoquinoline-2(1H)-carboxamide (18a) was obtained as a yellow solid from 17a, via Method
N-(3'-Fluorophenyl)-6-hydroxy-3,4-dihydroisoquinoline-2(1H)-carboxamide
2-[(1H-Imidazol-1-yl)sulfonyl]-6-methoxy-1,2,3,4-tetrahydroisoquinoline (26)
To a cooled (0˚C) mixture of 25 41 (400 mg, 1.10 mmol) in anhydrous CH 2 Cl 2 (50 mL) containing K 2 CO 3 (276 mg, 2.00 mmol) was added 6-MeO-THIQ.HBr 14 (244 mg, 1.00 mmol) with stirring which was continued for 12 h during which time the temperature was allowed to reach 24 o C. The reaction mixture was concentrated under reduced pressure and the residue was purified by a short column chromatography (50:50 EtOAc/Hexane). Sulfone 26 was obtained as a transparent oil (206 mg, 70%) and utilized directly in the next reactions without further purification, R f 0.58 (100% EtOAc). 1 General procedure for the coupling of 27 with heteroaryl amines. 41 To a solution of the sulfamoyl imidazolium salt 27 (280 mg, 0.613 mmol) in anhydrous MeCN (25 mL) were added the various amine nucleophiles (c-h) (0.740 mmol) and the resultant mixture stirred under the conditions illustrated in Scheme 6.
After reactions were complete (tlc), solvent was removed and the residue purified by column chromatography (50:50 EtOAc/Hexane) to afford the following amino sulfones: 6-Methoxy-N-(4'-methoxyphenyl)-3,4-dihydroisoquinoline-2(1H)-sulfonamide (28c) was obtained as a brown oil (186 mg, 87%) by the general coupling procedure. R f 0.41 (50:50 EtOAc/Hexane). 1 H NMR (300 MHz, CDCl 3 ): δ H 7.13 (dd, J 8.9, 0.9 Hz, 2H, ArH), 6.99-6.86 (m, 2H, ArH), 6.83-6.67 (m, 3H, ArH), 6.60 (s, 1H, NH), 4.39 (s, 2H, ArCH 2 N), 3.86 (s, 3H, OMe), 3.65 (s, 3H, OMe), 3.49 (t, J 5.6 Hz, 2H, CH 2 ), 2.76 (t, J 5.6 Hz, 2H, ArCH 2 CH 2 ). 13 N-(3'-Chlorophenyl)-6-methoxy-3,4-dihydroisoquinoline-2(1H) N-(4'-Chlorophenyl)-6-methoxy-3,4-dihydroisoquinoline-2(1H) N-(4'-Fluorophenyl)-6-methoxy-3,4-dihydroisoquinoline-2(1H) -sulfonamide (28g) was obtained as a colourless oil (195 mg, 94%) by the general coupling procedure. R f 0.37 (30:70 EtOAc/Hexane). 1 H NMR (300 MHz, CDCl 3 ): δ H 7.01-6.95 (m, 2H, ArH), 6.78 -6.77 (m, 3H, ArH), 6.74-6.63 (m, 1H, ArH), 6.61 (m, 1H, ArH), 6.31 (brs, 1H, NH), 4.40 (s, 2H, ArCH 2 N), 3.77 (s, 3H, OMe), 3.51 (t, J 5.9 Hz, 2H, CH 2 ), 2.78 (t, J 5.9 Hz, 2H, ArCH 2 CH 2 ). 13 General procedure for the lactamization of lactone (32) A mixture of 6-methoxyisochroman-3-one 32 42 (300 mg, 1.68 mmol), amine analogues (a -g) (2.52 mmol) and AlCl 3 (45.0 mg, 0.340 mmol) were combined under anhydrous conditions in a sealed tube and heated at 150 o C for 48 h. The reaction mixture was poured into aqueous 1 N HCl (5.0 mL) and extracted with EtOAc (20 mL x 2) to afford a brown residue which was purified with column chromatography (30:70 EtOAc/Hexane). 6-Methoxy-2-(4'-methylthiazol-2-yl)-1,2-dihydroisoquinolin-3(4H)-one (33a) was obtained from 32 as a pale yellow residue (162 mg, 35%), R f 0.76 (50:50 EtOAc/Hexane). 1 
